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GRAY GLASS COMPOSITION 

FIELD OF THE INVENTION 

The present invention relates to glass compositions, par 
ticularly, gray glass compositions that do not include tita 
nium. 

BACKGROUND OF THE INVENTION 

Glass substrates are used in a variety of applications such 
as automotive applications, architectural applications, aero 
space applications, etc. Depending on the end use of the glass 
substrate, it Will be desirable for the glass substrate to exhibit 
certain (a) aesthetic properties, such as, but not limited to, 
color and (b) solar control properties, such as, but not limited 
to, total solar energy transmittance (“TSET”), infrared trans 
mittance and ultraviolet transmittance. 

For example, in automotive applications, glass substrates 
are used as automotive vision panels (i.e., front WindoWs, 
sidelights, etc.). Automotive vision panels need to exhibit a 
desirable color. At the present time, desirable colors for auto 
motive vision panels include blue, bronZe, green and gray. 
Further, if the automotive vision panel is used as a front 
Windshield, it Will have to exhibit a visible light transmittance 
(“Lta”) of equal to or greater than 70% in the United States. 
The Lta requirement for front Windshields in countries other 
than the United States may be different. 

The aesthetic properties and solar control properties of a 
glass substrate can be modi?ed in several of different Ways. 
The ?rst Way involves depositing a coating on the surface of 
a glass substrate. The second Way involves changing the 
chemical composition (i.e., the type of materials that make up 
the glass composition and/or the Weight percentages of the 
various materials in the glass composition) that make up the 
glass substrate. Oftentimes, colorants and/ or other materials 
capable of modifying the solar properties of the glass com 
position are added to a Well knoWn base glass composition, 
such as a soda-lime-silica base glass composition, to provide 
a glass substrate capable of exhibiting unique performance 
properties.Although the effect of one colorant or one material 
capable of modifying the solar properties of the glass com 
position may be knoWn (for example, it is knoWn that adding 
FeO to a base glass composition increases the infrared (IR) 
absorption of the glass composition), it is the essence of 
invention to use various colorants and/ or materials capable of 
modifying the solar properties of the glass composition, each 
colorant or material capable of producing a unique effect 
individually, to achieve a combination of properties collec 
tively. 

According to the present invention, speci?c materials 
capable of modifying the solar properties of a glass compo 
sition are added in speci?c amounts to a soda-lime-silica base 
glass composition to provide glass substrates capable of 
exhibiting the desired aesthetic and solar control properties. 
The combination of aesthetic and solar control properties 
provided by glass substrates formed from the glass composi 
tion of the present invention are as folloWs at a reference 
thickness of 0.160 inches (4.1 mm): 

1. a gray color characterized by a dominant Wavelength 
ranging from 500 to 560 nanometers and an excitation purity 
of less than or equal to 4 percent; 

2. an Lta greater than or equal to 60 percent; 
3. a total solar energy transmittance (TSET) of less than or 

equal to 53 percent; and 
4. a total solar ultraviolet transmittance (UV) of less than or 

equal to 50 percent. 
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2 
SUMMARY OF THE INVENTION 

In a non-limiting embodiment, the present invention is a 
glass composition comprising a base glass composition com 
prising: SiO2 from 65 to 75 Weight percent, Na2O from 10 to 
20 Weight percent, CaO from 5 to 15 Weight percent, MgO 
from 0 to 5 Weight percent, Al2O3 from 0 to 5 Weight percent, 
Kzofrom 0 to 5 Weight percent and BaO from 0 to 1 Weight 
percent, and a colorant and property modifying portion com 
prising total iron from 0.5 to 0.8 Weight percent, Er2O3 from 
0.05 to 0.5 Weight percent, Se from 1 PPM to 4 PPM, and CoO 
from 1 PPM to 15 PPM, Wherein the glass composition has a 
redox ratio ranging from 0.25 to 0.35. 

In another non-limiting embodiment, the present invention 
is a glass sheet comprising a glass composition that includes: 
SiO2 from 65 to 75 Weight percent, Na2O from 10 to 20 
Weight percent, CaO from 5 to 15 Weight percent, MgO from 
0 to 5 Weight percent, Al2O3 from 0 to 5 Weight percent, KZO 
from 0 to 5 Weight percent and BaO from 0 to 1 Weight 
percent, and a colorant and property modifying portion com 
prising total iron from 0.5 to 0.8 Weight percent, Er2O3 from 
0.05 to 0.5 Weight percent, Se from 1 PPM to 4 PPM, and CoO 
from 1 PPM to 15 PPM, Wherein the glass composition has a 
redox ratio ranging from 0.25 to 0.35 and Wherein the glass 
sheet exhibits one or more of the folloWing performance 
properties at a thickness of 0. 1 60 inches (4.1 mm): a dominant 
Wavelength ranging from 500 to 560 nanometers; an excita 
tion purity of less than or equal to 4 percent; an Lta of equal 
to or greater than 60 percent; a TSET less than or equal to 53 
percent; and a UV of less than or equal to 50 percent. 

DESCRIPTION OF THE INVENTION 

As used herein, all numbers expressing dimensions, physi 
cal characteristics, processing parameters, quantities of 
ingredients, reaction conditions, and the like, used in the 
speci?cation and claims are to be understood as being modi 
?ed in all instances by the term “about”. Accordingly, unless 
indicated to the contrary, the numerical values set forth in the 
folloWing speci?cation and claims may vary depending upon 
the desired properties sought to be obtained by the present 
invention. At the very least, and not as an attempt to limit the 
application of the doctrine of equivalents to the scope of the 
claims, each numerical value should at least be construed in 
light of the number of reported signi?cant digits and by apply 
ing ordinary rounding techniques. Moreover, all ranges dis 
closed herein are to be understood to encompass the begin 
ning and ending range values and any and all subranges 
subsumed therein. For example, a stated range of “1 to 10” 
should be considered to include any and all subranges 
betWeen (and inclusive of) the minimum value of 1 and the 
maximum value of 10; that is, all subranges beginning With a 
minimum value of 1 or more and ending With a maximum 
value of 10 or less, e.g., 1.0 to 3.8, 6.6 to 9.7 and 5.5 to 10. 

The glass composition of the present invention comprises a 
base glass portion and colorants and materials capable of 
modifying the solar control properties of the glass. Both 
colorants and materials capable of modifying the solar con 
trol properties of the glass are referred to herein as “colorants 
and property modifying materials”. According to the present 
invention, the base glass portion includes the components in 
the amounts shoWn in Table 1 beloW. 
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TABLE 1 

Base Glass Portion 

Concentration in the Glass Composition 
[Weight Percent Based on the Total Weight of the Glass 

Component Composition] 

SiO2 65-75% 
Na2O 10-20% 
CaO 5- 15% 
MgO 0-5% 
A1203 0-5% 
K20 0-5% 
BaO 0- 1% 

The described base glass portion is referred in the art as a 
“soda-lime-silica” glass composition. 

According to the present invention, various colorants and 
materials capable of modifying the solar performance prop 
erties of the glass are added to the base glass composition. The 
colorants and property modifying materials included in the 
glass composition of the invention include: iron oxides (ferric 
oxide (Fe2O3) and ferrous oxide (FeO)), erbium (Er2O3), 
selenium (Se) and cobalt (CoO). 

According to the present invention, iron can be present in 
the glass composition as both ferric oxide (Fe2O3) and ferrous 
oxide (FeO). As is Well knoWn in the art, Fe2O3 is a strong 
absorber of ultraviolet radiation and is a yelloW colorant. As 
is Well knoWn in the art, FeO is a strong absorber of infrared 
radiation and is a blue colorant. 

The “total iron” present in the glass composition of the 
invention is expressed in terms of the Weight percentage of 
“Fe2O3” present in the glass composition as is standard prac 
tice in the industry. This does not imply that all of the iron 
present in the glass composition is in the form of Fe2O3. 
According to the present invention, the total iron in the glass 
composition of the present invention ranges up to and includ 
ing 0.8 Weight percent based on the total Weight of the glass 
composition, for example, from 0.5 to 0.8 Weight percent, or 
from 0.6 to 0.68 Weight percent. 

The amount of iron present in the ferrous state in the glass 
composition of the present invention is expressed in terms of 
the Weight percentage of “FeO” present in the glass compo 
sition as is standard practice in the industry. Although the 
amount of iron in the ferrous state is expressed as FeO, the 
entire amount in the ferrous state may not actually be present 
in the glass as FeO. 

The glass composition of the present invention has a cer 
tain “redox ratio”. As used herein, the “redox ratio” is the 
amount of iron in the ferrous state (expressed as “FeO”) 
divided by the amount of total iron (expressed as “Fe2O3”). 
Glass compositions according to the present invention have a 
redox ratio of approximately 0.26, for example, from 0.25 to 
0.35, or from 0.25 to 0.32. 

According to the present invention, the glass composition 
contains Er2O3 in an amount ranging from 0.05 Weight per 
cent to 0.5 Weight percent, for example, from 0.05 Weight 
percent to 0.4 Weight percent, Where the Weight percent is 
based on the total Weight of the glass composition. Er2O3 is 
knoWn in the art as a pink colorant. 

According to the present invention, the glass composition 
contains Se in an amount ranging from 1 PPM to 4 PPM, for 
example, from 1.5 PPM to 3 PPM. Se is knoWn in the art as an 
ultraviolet and infrared radiation absorbing colorant that 
imparts a pink or broWn color (the exact color depends on the 
valence state) to soda-lime-silica glass. 
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4 
According to the present invention, the glass composition 

contains CoO in an amount ranging from 1 PPM to 15 PPM, 
for example, from 1.5 PPM to 4 PPM. CoO operates as a blue 
colorant and does not exhibit any appreciable infrared or 
ultraviolet radiation absorbing properties. 

According to the present invention, the following optional 
colorants and property modifying materials can be added to 
the glass composition: holmium oxide (H0203), chromium 
oxide (Cr2O3) and manganese dioxide (MnOZ). 

According to the present invention, the glass composition 
can contain Ho2O3 in an amount ranging from 0 Weight per 
cent to 0.3 Weight percent, for example, from 0.05 Weight 
percent to 0.25 Weight percent, Where the Weight percent is 
based on the total Weight of the glass composition. Ho2O3 acts 
as a pale yelloW colorant. 

According to the present invention, the glass composition 
can contain Cr2O3 in an amount ranging from 0 PPM to 200 
PPM, for example, from 2 PPM to 175 PPM, or from 5 PPM 
to 150 PPM. Cr2O3 is knoWn in the art as a green colorant. 

According to the present invention, the glass composition 
can contain MnO2 in an amount ranging from 0 Weight per 
cent to 0.5 Weight percent, for example, from 0.01 Weight 
percent to 0.1 Weight percent, or from 0.02 Weight percent to 
0.05 Weight percent, Where the Weight percent is based on the 
total Weight of the glass composition. MnO2 is knoWn in the 
art as an oxidizer to the iron oxide such that redox equilibrium 
of the iron oxide is shifted toWard its oxidized form (Fe2O3) 
and the redox ratio of the glass composition is reduced. The 
inclusion of MnO2 in the glass composition enables a higher 
concentration of iron oxide to be added to the glass batch for 
the purpose of enhancing both the ultraviolet and the infrared 
absorption of the glass composition While simultaneously 
maintaining a high visible transmittance. 

A proper balance betWeen Fe2O3, FeO, Er2O3, Se, CoO, 
H0203, Cr2O3 and MnO2 content is required to obtain the 
desired gray color. 

In a non-limiting embodiment, the glass composition of the 
invention can contain molybdenum oxide (M003) to inhibit 
the formation of nickel-sul?de stones Which can be present in 
glass and degrade the quality of the glass. MoO3 can be added 
to the composition of the invention in an amount ranging from 
10 to 750 PPM, for example, from 100 to 300 PPM. 
The glass composition of the present invention can be 

produced by conventional glass making processes. For 
example, the glass composition can be formed from batch 
materials via crucible melts, a sheet drawing process, a ?oat 
glass process, etc. Typically, Well knoWn batch materials are 
mixed With other components to form the starting materials 
Which are processed into the glass compositions of the 
present invention. In a non-limiting embodiment, the glass 
composition of the present invention is formed via a ?oat 
glass process as is Well knoWn in the art. 

As a result of the raW materials and/ or equipment used to 
produce the glass composition of the present invention, cer 
tain impurities, for example, SrO and ZrO2, can be present in 
the ?nal glass composition. Such materials are present in the 
glass composition in minor amounts and are referred to herein 
as “tramp materials”. Tramp materials do not contribute to the 
performance properties of the glass. 

In a non-limiting embodiment of the invention, the 
described glass composition is formed into a glass substrate 
and/or laminated glass article as is Well knoWn in the art. 
Glass substrates having various thicknesses can be formed. 
For example, glass substrates having a thickness of up to 24 
m can be formed. 
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In a non-limiting embodiment, a glass substrate according 
to the present invention exhibits one or more of the following 
performance properties at a thickness of 0.160 inches (4.1 
mm): 

1. a gray color characterized by a dominant Wavelength 
ranging from 500 to 560 nanometers, for example, from 505 
to 550 nanometers, or from 510 to 530 nanometers and an 
excitation purity of less than or equal to 4 percent, for 
example, less than or equal to 3 percent, or less than or equal 

6 
EXAMPLES 

The present invention is illustrated by the folloWing non 
limiting examples. The Examples 1-7 Were made in the fol 
loWing manner. 
The batch materials shoWn in Table 2 Were Weighed out and 

mixed thoroughly. Half of the batch materials Were melted in 
a 4 inch silica crucible in an electric resistance furnace set to 
a temperature of 2,450° E. (1,343° C.) in an air atmosphere for 

to 2 percent; 10 30 minutes. The furnace temperature Was raised to 2,550° E. 
2. an Lta of equal to or greater than 60 percent, for example, (1 ,399° C.), and the batch materials Were heated for 30 min 

equal to or greater than 65 percent, or equal to or greater than utes. Then, the other half of the batch materials Was added to 
70 percent; the crucible. The furnace temperature Was raised to 2,650° E. 

3. a TSET less than or equal to 53 percent for example, (1,454° C.), and the batch materials Were heated for 120 
equal to or less than 51 percent, or equal to or less than 48 15 minutes. The glass melt Was then poured into Water at room 
percent; and temperature (referred to as “glass fritting” in the art) to pro 

4. a total solar ultraviolet transmittance (expressed in terms duce a glass frit. The glass frit Was dried in an annealing oven 
of‘UV”) of less than or equal to 50 percent, for example, set to atemperature of 1,100° E. (593° C.) for 20 minutes. The 
equal to or less than 47 percent, or equal to or less than 44 glass frit Was placed back into a crucible, and the crucible Was 
percent. 20 placed in an oven set to a temperature of2,650° F. (1,454° C.). 

According to the present invention, the abovementioned The glass frit Was then heated in the oven for one hour. The 
performance properties are measured as described beloW. All contents of the crucible Were ?tted again as described above. 
solar transmittance data is calculated using a Parry Moon air The glass frit Was placed in a crucible, and the crucible Was 
mass 2. The transmittance values for UV are integrated over placed in an oven set to a temperature of 2,650° E. (1,454° C.). 
the Wavelength range using the TrapeZoidal Rule as is Well 25 The glass frit Was then heated in the oven for tWo hours. The 
knoWn in the art, and the transmittance-values for the other glass melt Was cast on a metal table. The resulting glass sheet 
properties are integrated over the Wavelength range using the Was placed into an annealing lehr set to a temperature of 
Rectangular Rule as is Well knoWn in the art. 1,100° F. (5930 C.) for one hour. The poWer to the lehr Was 

The visible light transmittance (Lta) represents a computed shut off, and the glass sheet Was alloWed to stay in the lehr for 
value based on measured data using C.I.E. 1931 standard 30 sixteen hours as it cooled doWn to room temperature. 
illuminant “A” over the Wavelength range of 380 to 770 Examples made from the glass melts Were ground and pol 
nanometers at 10 nanometer intervals. ished. 

TABLE 2 

Glass Batch Materials 

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 

Sand [g] 500.00 500.00 500.00 500.00 500.00 500.00 500.00 
SodaAsli [g] 162.80 162.80 162.80 162.80 162.80 162.80 162.80 
Dolomite [g] 121.00 121.00 121.00 121.00 121.00 121.00 121.00 
Limestone [g] 42.00 42.00 42.00 42.00 42.00 42.00 42.00 
Salt cake [g] 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
Coal [g] 0.35 0.35 0.35 0.35 0.35 0.35 0.40 
Rouge [g] 4.62 4.62 4.62 4.62 4.62 4.62 4.62 
C0304 [g] 0.003 0.003 0.003 0.003 0.001 0.001 0.001 
Metallic Se [g] 0.012 0.012 0.012 0.012 0.010 0.010 0.010 
FeCr2O4 [g] 0.037 0.037 0.037 
Er2O3 [g] 0.34 0.69 0.69 0.69 2.74 2.06 2.40 
H0203 [g] 0.34 1.72 
MnO2 [g] 0.34 0.34 0.34 

The total solar ultraviolet transmittance l l l V) represents a Compositional information for the exemplary glass com 
Computed Value based on measured data Over the Wavelength positions made according to the present invention is shoWn 
range of 300 to 400 nanometers at 10 nanometer lmervals' 55 beloW in Table 3. The folloWing values Were calculated from 

The total Solar energy transmmance (TS'ET) represents a the batch formula, except for the concentration of FeO and the 
Computed Value based on measured “Finsnmtances from 300 redox ratio. The concentration of FeO in the glass composi 
to 2150 nanometers at 50 nanometer intervals. . . . 
C 1 _ d _b d _ t fd _ t 1 th DW tion was determined from spectral transmittance measure 
0 Or Is 75011 e In. erms O Omlnan Wave eng ( ) 60 ments, and the redox ratio Was then calculated from the con 

and the excitation purity (Pe) represent computed values _ f_ _d d _ d b _ h 1 
based on measured data using a C.I.E. 1931 standard illumi- °°mrat1°° 0 Iron OX1 es etenmne to 6 present mt e g ass 

nant “C” With a 20 observer. Composmon' 

In a non-limiting embodiment of the invention, the glass BaO Was found In the exemplary Composmons 1n trace 
substrate is used as a glass vision panel. In a further non- 65 amounts, but 11 Was 1101 Included In Table 3- B210 Was not 

limiting embodiment, the glass vision panel is an automotive 
Windshield that exhibits an Lta equal to or greater than 70%. 

included in the table because it Was not intentionally added 

When the examples Were made. 
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The exemplary compositions did contain the following 
tramp materials Which are not included in the table: S03, SrO, 
ZrO2, and C1. 

TABLE 3 

Glass Compositions according to the Present Invention 

Component Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 

0.1624 
0.254 
0.640 
4 
3 

0.1741 
0.272 
0.640 
4 
3 

0.1689 
0.264 
0.640 
4 
3 

0.1642 
0.257 
0.640 
4 
3 

0.1664 
0.260 
0.640 
1.5 
1.6 

25 
0.40 

FeO [Wt %] 
Redox Ratio 
Total iron [Wt %] 
CoO [PPM] 
Se [PPM] 

25 
0.05 0.10 0.10 

0.05 
0.10 
0.25 

0.05 

0.1663 
0.260 
0.640 
1.5 
1.6 

0.30 

0.05 

0.1918 
0.300 
0.640 

Table 4 shoWs various performance properties of glass 
substrates having a thickness of 0.160 inches (4.1 mm) 
formed from glass compositions according to the present 
invention. The spectral properties of the Examples Were mea 
sured using a Perkin Elmer Lambda 2 spectrophotometer. 

TABLE 4 

20 

Performance Properties of Substrates made from Glass 
Compositions according to the Present Invention 

Performance Property Ex. 1 Ex. 3 Ex. 4 Ex. 5 

Lta [% 70.35 
42.51 
48.81 

558.38 
3.34 

70.78 
44.49 
48.68 

535.33 
1.72 

71.18 
44.84 
49.15 

551.20 
2.92 

CONCLUSIONS 

Based on Table 4, non-limiting examples of the glass com 
position of the present invention can be used to form glass 
substrates having a thickness of 0.160 inches (4.1 mm) that 
exhibit one or more of the folloWing performance properties: 
an Lta of greater than or equal to 70%, for example, from 70% 
to 75%; a TSET of less than or equal to 51%, for example, 
from 47% to 51%; a UV of less than or equal to 46%, for 
example, from 42% to 46%; a DW ranging from 500 to 560 
nm; and a Pe of less than or equal to 4%, for example, from 
1% to 3%. 

It Will be readily appreciated by those skilled in the art that 
modi?cations may be made to the invention Without depart 
ing from the concepts disclosed in the foregoing description. 
Such modi?cations are to be considered as included Within 
the scope of the invention. Accordingly, the particular 
embodiments described in detail hereinabove are illustrative 
only and are not limiting as to the scope of the invention, 
Which is to be given the full breadth of the appended claims 
and any and all equivalents thereof. 

1 claim: 
1. A glass composition comprising a base glass composi 

tion comprising: 

SiO2 
Na2O 

65 to 75 Weight percent, 
10 to 20 Weight percent, 

40 

45 

50 

55 

60 

-continued 

CaO 
MgO 
A1203 
K20 
BaO 

5 to 15 Weight percent, 
0 to 5 Weight percent, 
0 to 5 Weight percent, 
0 to 5 Weight percent, and 
0 to 1 Weight percent 

and a colorant and property modifying portion consisting 
essentially of: 

total iron 

Er2O3 
Se 
CoO 

0.5 to 0.8 Weight percent, 
0.05 to 0.5 Weight percent, 
1 PPM to 4 PPM, 
1 PPM to 15 PPM, 

Wherein the glass composition has a redox ratio ranging 
from 0.26 to 0.35. 

2. The glass composition according to claim 1, Wherein the 
total iron ranges from 0.6 to 0.68 Weight percent. 

3. The glass composition according to claim 1, Wherein the 
Er2O3 ranges from 0.05 to 0.4 Weight percent. 

4. The glass composition according to claim 1, Wherein the 
65 redox ratio ranges from 0.26 to 0.32. 

5. The glass composition according to claim 1, Wherein the 
Se ranges from 1.5 PPM to 3 PPM. 
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6. The glass composition according to claim 1, wherein the 
CoO ranges from 1.5 PPM to 4 PPM. 

7. The glass composition according to claim 1 further com 
prising: Ho2O3 in an amount ranging from 0 to 0.3 Weight 
percent; Cr2O3 in an amount ranging from 0 PPM to 200 
PPM; and MnO2 in an amount ranging from 0 to 0.5 Weight 
percent. 

8. A glass sheet made from the composition according to 
claim 1. 

9. A glass sheet according to claim 8 that exhibits the 
folloWing performance properties at a thickness of 0.160 
inches (4.1 mm): 

a dominant Wavelength ranging from 500 to 560 nanom 
eters; 

an excitation purity of less than or equal to 4 percent; 
an Lta of equal to or greater than 60 percent; 
a TSET less than or equal to 53 percent; and 
a UV of less than or equal to 50 percent. 
10. A glass sheet according to claim 9 that exhibits one or 

more of the folloWing performance properties at a thickness 
of 0.160 inches (4.1 mm): a dominant Wavelength ranging 
from 505 to 550 nanometers; an excitation purity of less than 
or equal to 3 percent; an Lta of equal to or greater than 70 
percent; a TSET less than or equal to 51 percent; and a UV in 
the range of equal to or greater than 44 percent, and equal to 
or less than 50 percent. 

11. A glass sheet comprising a glass composition that 
includes: 

8102 65 to 75 Weight percent, 
Na2O 10 to 20 Weight percent, 
CaO 5 to 15 Weight percent, 
MgO 0 to 5 Weight percent, 
A1203 0 to 5 Weight percent, 
K20 0 to 5 Weight percent, 
BaO 0 to 1 Weight percent, and a colorant and property 

modifying portion consisting essentially of: 

total iron 0.5 to 0.8 Weight percent, 
Er2O3 0.05 to 0.5 Weight percent, 
Se 1 PPM to 4 PPM, 
CoO 1 PPM to 15 PPM, 

Wherein the glass composition has redox ration ranging 
from 0.26 to 0.35 and Wherein the glass sheet exhibits 
one or more of the folloWing performance properties at 
a thickness of 0.160 inches (4.1 mm): 

a dominant Wavelength ranging from 500 to 560 nanom 
eters; 

an excitation purity of less than or equal to 4 percent; an Lta 
of equal to or greater than 60 percent; 

a TSET less than or equal to 53 percent; and 
a UV of less than or equal to 50 percent. 
12. The glass sheet according to claim 11, Wherein the total 

iron ranges from 0.6 to 0.68 Weight percent. 
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13. The glass sheet according to claim 11, Wherein the 

Er2O3 ranges from 0.05 to 0.4 Weight percent. 
14. The glass sheet according to claim 11, Wherein the 

redox ratio ranges from 0.26 to 0.32. 
15. The glass sheet according to claim 11 that exhibits one 

or more of the folloWing performance properties at a thick 
ness of 0.160 inches (4.1 mm): 

a dominant Wavelength ranging from 505 to 550 nanom 
eters; 

an excitation purity of less than or equal to 3 percent; 
an Lta of equal to or greater than 65 percent; 
a TSET less than or equal to 51 percent; and 
a UV in the range of equal to or greater than 44 percent and 

equal to or less than 50 percent. 
16. The glass sheet according to claim 14 Wherein the UV 

is in the range of equal to or greater than 47 percent and equal 
to or less than 50 percent. 

17. The glass sheet according to claim 16 Wherein the Lta 
is equal to or greater than 70 percent. 

18. The glass sheet according to claim 11 Wherein the Lta 
is equal to or greater than 70 percent. 

19. A glass sheet comprising a glass composition that 
includes: 

SiO2 65 to 75 Weight percent, 
Na2O 10 to 20 Weight percent, 
CaO 5 to 15 Weight percent, 
MgO 0 to 5 Weight percent, 
A1203 0 to 5 Weight percent, 
K20 0 to 5 Weight percent, 
BaO 0 to 1 Weight percent, 

and a colorant and property modifying portion consisting 
essentially of: 

total iron 0.5 to 0.8 Weight percent, 
Er2O3 0.05 to 0.5 Weight percent, 
Se 1 PPM to 4 PPM, 
CoO 1 PPM to 15 PPM, 
H0203 0 to 0.3 Weight percent, 
Cr2O3 0 PPM to 200 PPM, and 
MnO2 0 to 0.5 Weight percent, 

Wherein the glass composition has a redox ratio ranging from 
0.26 to 0.35 and Wherein the glass sheet exhibits the folloWing 
performance properties at a thickness of 0.160 inches (4.1 
mm) 

a dominant Wavelength ranging from 500 to 560 nanom 
eters; 

an excitation purity of less than or equal to 4 percent; 
an Lta of equal to or greater than 70 percent; 
a TSET less than or equal to 53 percent; and 
a UV in the range of equal to or greater than 44 percent 

and equal to or less than 50 percent. 


